recruitment of these four species, we assumed that variation unexplained by stock size could be 96 explained by climatic or other physical variables. We determined whether positive or negative 97 residuals (i.e., higher or lower than expected recruitment for a given stock size) occurred in 98 common years across species, and then whether residual recruitment patterns were similar across 99 species or exhibited temporal autocorrelation. Finally, we sought to determine whether the 100 residual patterns corresponded with time series of climatic or physical variables that could be 101 compiled over the same 39-year time period. D r a f t 6 size and recruitment were based on previously published papers when possible (see Table 2 ).
116
We included data up through the 2011 year-class for all species.
117
Stock-recruit models were fit in SAS (SAS Institute Inc. 2015) using Procedure NLIN 118 and assuming a log-normal error structure (݁ ఌ ). For alewife and rainbow smelt, the Ricker form 119 of stock-recruit models has already been justified and applied in Lake Michigan (Madenjian et 120 al. 2005; Collingsworth et al. 2014; Feiner et al. 2015 
Recruitment residual patterns

242
The residual patterns ( smelt (r = 0.00; P = 0.99; Fig. 2b ), no spectral analyses were conducted for these species.
248
One-hundred percent agreement in the sign of the recruitment residuals occurred in 11 249 out of 37 years ( Figure 3b ), significantly more than expected by chance alone (P=0.003).
250
Positive recruitment residuals occurred for all species in five out of 10 years between 1978 and 251 1987 (1978, 1983, 1984, 1985, and 1987) . Then negative recruitment residuals occurred for all D r a f t species in five out of eight years between 1996 and 2004 (1996, 1997, 2000, 2001, 2004) .
253
Finally the 2010 year-class had 100% positive recruitment residuals. exhibited more year-to-year variation.
270
Among the GAMs, the number of top-ranked models (i.e., those with ∆AIC < 2) ranged 271 from 3 for alewife to 21 for yellow perch, and the % deviance explained by AIC min model was 272 relatively low for yellow perch and alewife (14-20%), somewhat higher for average residual time 273 series (35%) and bloater (37%), and highest for alewife (61%, Time series of recruitment residuals were detrended (narrow plot above) and taller spectral plots have period on the x-axis and energy (signal 2 /frequency) on the y-axis, with surrounding 80% confidence intervals. Although the most likely period in the data occurred between 20 and 40 years, this spectral peak was not statistically significant. D r a f t Fig. S2 . Spectral plot for yellow perch recruitment residuals in Lake Michigan, 1973 Michigan, -2011 . Time series of recruitment residuals were detrended (narrow plot above) and taller spectral plots have period on the x-axis and energy (signal 2 /frequency) on the y-axis, with surrounding 80% confidence intervals. Although the most likely period in the data occurred around 20 years, this spectral peak was not statistically significant. D r a f t Fig. S4 . Spectral analysis for the time series of three explanatory variables that were temporally autocorrelated in Lake Michigan: spring and summer water temperatures (red line), lake level (blue line), and North Atlantic Oscillation (green line). Also plotted is the time series for the recruitment residuals averaged for bloater, alewife, rainbow smelt, and yellow perch in Lake Michigan (black line) across the 1973-2011 year-classes. The most likely period (x-axis) is indicated by the peak with the highest energy (y-axis) for each time series, but none of these spectral peaks were significant. D r a f t 
D r a f t
